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ABSTRACT
We construct a no-scale model of inflation with a single modulus whose real and
imaginary parts are fixed by simple power-law corrections to the no-scale Ka¨hler potential.
Assuming an uplift of the minimum of the effective potential, the model yields a suitable
number of e-folds of expansion and values of the tilt in the scalar cosmological density
perturbations and of the ratio of tensor and scalar perturbations that are compatible with
measurements of the cosmic microwave background radiation.
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1 Introduction
Cosmological inflation [1–4] provides one of the most promising arenas for probing physics
close to the Planck scale, potentially even providing a window onto string theory. The
effective energy scale during inflation may well be within a few orders of magnitude of the
string scale, and in a wide class of inflationary models the excursion in the effective inflaton
field is trans-Planckian. It is therefore natural to use string theory as an inspiration for the
construction of such models, or at least to constrain the model-builders’ imaginations [5].
Consistent string models generally incorporate supersymmetry, and there are many
practical reasons for supposing that supersymmetry may become apparent at some energy
scale below that of inflation [6]. These considerations motivate the construction of super-
symmetric models of inflation, which also offer advantages in rendering more natural the
apparent hierarchy between the Planck scale and the energy scale during inflation [7]. Since
inflation is a cosmological scenario that necessarily involves gravity, the most plausible su-
persymmetric framework for constructing models of inflation is actually supergravity [8].
Within this general framework, no-scale supergravity [9–12] stands out [13–18], since at
the classical level it has a positive-semidefinite potential with flat directions that do not
restrict field excursions [9]. Moreover, it emerges as the form of low-energy field theory
derived from compactifications of string theory [19].
The simplest no-scale supergravity model has a single complex field T that parametrizes
a non-compact SU(1,1)/U(1) coset manifold with a Ka¨hler potential K = −3 ln(T +
T ∗) [9,10], and would correspond to the volume modulus in a string compactification [19].
It is a much-debated, very general and open, question how the values of the real and imag-
inary components of this and other compactification moduli could be fixed dynamically in
the low-energy physical vacuum [20, 21] 1. It is natural also to ask whether (some com-
ponent) of the T field could serve as the inflaton, and how this could be combined with
whatever mechanism that fixes dynamically the real and imaginary components of T .
In this paper we explore a possible common solution to these problems that postu-
lates power-law modifications of the leading-order Ka¨hler potential of the form ∆K =
cn/(T + T
∗)n + dm/(T − T ∗)m, the first of which is rooted in our understanding of pertur-
bative corrections to string compactifications [23, 24]. We show that, for suitable values
of the powers n,m and the correction parameters cn, dm, there is a unique minimum of
the effective potential V < 0 with fixed values of both the real and imaginary parts of T .
Recognizing that the solution of the cosmological constant problem is unknown, we assume
that some unspecified uplifting mechanism raises the minimum of the effective potential
1An alternative would be to consider a scenario in which the quantum degree of freedom corresponding
to T − T ∗ is an (almost) massless axion-like particle [22].
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to V ' 0, and explore the possibility of successful inflation with the resulting positive
semidefinite potential V (T ). We find regions of initial conditions for the real and imagi-
nary parts of T that yield a number of e-folds N∗ and values of the scalar tilt parameter
ns and the ratio of tensor to scalar perturbations r that are highly compatible with the
available data on the cosmic microwave background (CMB) data: N∗ ∼ 55, ns = 0.967 and
r ∼ 0.0007 [25]. This model therefore provides a successful scenario for inflation in the
context of a minimal string-inspired no-scale supergravity model.
2 The Effective Potential and Modulus Fixing
We recall that anN = 1 supergravity theory is specified [26] by a Hermitian Ka¨hler function
K and a holomorphic superpotential W via the combination
G ≡ K + lnW + lnW ∗ . (1)
The Ka¨hler function specifies the kinetic terms for the scalar fields:
Kj
∗
i ≡
∂2K
∂φi∂φ∗j
, (2)
where Kj
∗
i ≡ ∂2K/∂φi∂φ∗j is the Ka¨hler metric, and the effective potential is
V = eG
[
∂G
∂φi
Kij∗
∂G
∂φ∗j
− 3
]
+ possible D − terms , (3)
and Kij∗ is the inverse of the Ka¨hler metric. In the following we study the simplest pos-
sible N = 1 supergravity model with a single complex scalar field T , and an exponential
superpotential for T : W (T ) = eλT .
As mentioned in the Introduction, the minimal N = 1 no-scale supergravity model
has a Ka¨hler potential K = −3 ln(T + T ∗) [9, 10]. We consider initially a Ka¨hler potential
with a correction of the form 2:
K = −3 ln (T + T ∗) + cn
(T + T ∗)n
, (4)
which yields a Ka¨hler potential
KT
∗
T =
(T + T ∗)n+2
cnn(n+ 1) + 3(T + T ∗)n
. (5)
2This form is inspired by the form of effective field theory found in [23] in describing (2, 2) vacua of the
heterotic string.
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In the following we denote the real part of T by x and the imaginary part by y: T = x+ iy,
and define g(x) ≡ KT ∗T . The resulting effective potential is
V (x) =
x−n−3ecnx
−n−λx (c2nn
2 − cnnxn(3n− 2λx− 3) + λx2n+1(λx+ 6))
cnn(n+ 1) + 3xn
. (6)
The effective potential V (x) has a local minimum at a non-zero value of x when n ≥ 2, as
illustrated in Fig. 1 for the specific choices n = 4, λ = −1, cn = 3.
Figure 1: The effective potential (6) as a function of x = T +T ∗ for n = 4, λ = −1, cn = 3.
This is not the first example of stabilization of the real part of T (see, for example,
[21]), but stabilization of the imaginary part has proved more elusive (see, however, [27]).
In particular, the effective potential (6) is independent of y. In order to explore how y
may also be stabilized, we next consider adding instead to the no-scale Ka¨hler potential a
dependence on the imaginary part of the modulus T that is also of power-law form, though
not sharing its motivation from calculations of α′ corrections in string theory [23,24]:
K = −3 ln (T + T ∗) + dm|T − T ∗|m . (7)
In this case the effective potential takes the following form for x, y > 0:
V =
1
x3
exp
[
dmy
−m + λx
][
− 3 +
1(−dmm(m+ 1)y−m−2 + 3x2 )
(
−dmmy−m−1 + λ− 3
x
)(
dmmy
−m−1 + λ
3
x
)]
. (8)
Fig. 2 displays two slices through the effective potential (8) for cn = 0, dm = −0.05,m = 3/2
and λ = −1. In the left panel we show an x slice for fixed y = 0.3, and in the right panel we
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show a y slice for fixed x = 0.3. We see that in both slices there is a non-trivial minimum.
We have also explored whether this example is suitable for inflation, but found that this
was not the case, and so do not consider further the cn = 0 option.
Figure 2: The effective potential obtained from (7) for dm = −0.05,m = 3/2, λ = −1 is
plotted in the left panel as a function of x for fixed y = 0.3, and in the right panel as a
function of y for fixed x = 0.3.
We have instead considered adding both the T + T ∗-dependent term in (4) and the
T − T ∗-dependent term in (7) simultaneously to the no-scale Ka¨hler potential:
K = −3 ln (T + T ∗) + cn|T + T ∗|n +
dm
|T − T ∗|m . (9)
In this case the effective potential takes the following form for x, y > 0:
V =
1
x3
exp
[
cnx
−n + dmy−m + λx
][
− 3 +
1
cnn(n+ 1)x−n−2 − dmm(m+ 1)y−m−2 + 3x2
(
−cnnx−n−1 − dmmy−m−1 + λ− 3
x
)
×
×
(
−cnnx−n−1 + dmmy−m−1 + λ3
x
)]
. (10)
Fig. 3 shows slices through the effective potential (10) for the choices n = −2,m = 3/2, λ =
−1, cn = −5.9, dm = −4.44. The upper panel shows the x dependence of the potential for
several fixed values of y and the lower panel shows the y dependence for several fixed values
of x. We see that the real component x of the modulus T is fixed at a non-zero value for
the values y = {0.5, 0.7}, and that the imaginary component y is fixed at a non-zero value
for the values x = {0.04, 0.06, 0.08, 0.1}.
Fig. 4 shows a 3-dimensional image of the potential (10) for the same parameter
choices n = −2,m = 3/2, λ = −1, cn = −5.9, dm = −4.44 used in Fig. 3. This confirms
that there is indeed a global minimum of the potential with x, y 6= 0. Thus, the Ansatz (9)
achieves the goal of fixing both the components of the modulus field T .
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Figure 3: The effective potential (10) for n = −2,m = 3/2, λ = −1, cn = −5.9, dm = −4.44
is plotted in the upper panel as a function of x, with the blue, red, green, and or-
ange lines corresponding to y = {0.3, 0.5, 0.7, 0.9}, and in the lower panel as a func-
tion of y with the blue, red, green, orange and yellow lines corresponding to x =
{6 10−6, 0.004, 0.04, 0.06, 0.08, 0.1}.
3 A Realization of Inflation
The effective potential shown in Fig.(4) exhibits an extended flat region in addition to
the global minimum, and we now study whether there are field trajectories ending in the
minimum that are suitable for cosmological inflation. In order to check this, we need
to solve the equations of motion for the modulus field components x, y in an expanding
Universe described by a Friedman-Robertson-Walker (FRW) metric
ds2 = −dt2 + a(t)2d−→x 2 , (11)
corresponding to the action
S =
∫ √−g[KTT ∗∂µT∂µT ∗ − V ]d4x . (12)
in curved space. Assuming a homogeneous FRW background, only the time derivative
survives in the kinetic term and we obtain the following effective Lagrangian
L = a(t)3[KTT ∗(x, y)(x˙
2 + y˙2)− V (x, y)] , (13)
where
KTT ∗ =
(
cnn(n+ 1)x
−n−2 − dmm(m+ 1)y−m−2 + epp(p+ 1)x−p−2 + 3
x2
)
.
6
Figure 4: The effective potential (10) is plotted as a function of x and y for n = −2,m =
3/2, λ = −1, cn = −5.9, dm = −4.44. A global minimum with x, y 6= 0 is clearly present.
Also shown as a blue line is a possible field trajectory.
Combining with Einstein’s equations for the scale factor a(t), we get the following system
of differential equations that describe completely the field evolution:
d
dt
(
∂L
∂x˙
)
− ∂L
∂x
= 0 , (14)
d
dt
(
∂L
∂y˙
)
− ∂L
∂y
= 0 , (15)
H2 =
1
3
[
KTT ∗(x, y)(x˙
2 + y˙2) + V (x, y))
]
. (16)
A representative solution of these equations of motions is also shown in Fig. 4, as a blue
line that starts at {x, y} = {0.7, 1} and terminates at the global minimum.
Fig. 5 displays the evolutions along the field trajectory shown in Fig. 4 of the real and
imaginary components {x, y} of T as functions of time, as red and yellow lines, respectively.
We see that x decreases smoothly for t . 240, after which its value evolves only slowly,
exhibiting small oscillations. The value of y changes by . 10% for t . 240, after which it
drops to an almost constant value that also exhibits small oscillations.
Integrating the background equations we can compute the slow-roll parameters along
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Figure 5: The field components x and y are plotted in red and yellow, respectively, as
functions of the time t along the field trajectory shown in Fig. 4.
the field trajectories, where we adopt the following definitions [28]:
1 = −H˙/H2 , (17)
i+1 ≡ ˙i/(Hi) , (18)
ns − 1 = −21 − 2 − 221 , (19)
r = 161 . (20)
Fig. 6 displays the evolutions along the field trajectory shown in Fig. 4 of the Hubble
parameter H (green line), the slow-roll parameter 1 (blue line), and the number of e-folds
of expansion N (black line, rescaled by a reference value of 70). We see that the Hubble
parameter varies only slowly until a time t ' 200, falling to much smaller values when
t & 240. Correspondingly, the number of e-folds N increases nearly linearly until t ∼ 200,
after which it is nearly constant. The value of  is small until a similar value of t, after
which it enters a period of damped oscillations with amplitudes that are initially O(1).
The initial conditions xi = 0.71, yi = 1, y˙i = x˙i = 0 lead to the field trajectory
shown in Fig. 4, which yields a number of e-folds N ∼ 55, a scalar perturbation tilt
ns = 0.967 and tensor-to-scalar perturbation ratio r = 0.00069, which are compatible with
the observational constraints [25]. Other choices of initial conditions also yield acceptable
inflationary trajectories. For example, changing the initial value of y to 0.9 but keeping the
initial value of x fixed yields ns = 0.961 and r = 0.00030, whilst y = 1.1 yields ns = 0.967
and r = 0.00075, also compatible with the observations. On the other hand, for initial
values of y < 0.7 the non-triviality of the kinetic terms requires a deeper analysis than the
8
Figure 6: The Hubble parameter H, the slow-roll parameter  and the rescaled number of
e-folds N/70 are plotted as functions of time along the field trajectory shown in Fig. 4 as
green, blue and black lines, respectively.
approximate treatment that is adequate for larger values of y.
4 Conclusions
We have presented in this paper a simple scenario for fixing both components of the modulus
T in the minimal no-scale supergravity model with Ka¨hler potential K = −3 ln(T + T †),
which is partly based upon calculations of theoretical calculations of corrections to this
structure [23,24]. In addition to yielding an effective potential that possesses a well-defined,
unique minimum, this simple model exhibits a plateau at larger values of the components
of T . We have found examples of field trajectories starting from initial values in this
plateau region that yield an acceptable number of e-folds of inflation and values of the
CMB observables ns and r that are compatible with observation [25].
One interesting direction for future research will be to map out more completely the
parameter space of initial field values that are compatible with cosmological observations,
another will be to reconcile it better with string considerations, and another will be to
integrate this simple scenario into a framework with matter particles and a scenario for
reheating that would enable the number of inflationary e-folds to be calculated. In this
way, the simple model presented in this paper may serve as the kernel of a more complete
cosmological model.
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